
  
Short Abstract —In response to treatment with TRAIL 

(TNF-Related Apoptosis Inducing Ligand), individual cells 
within a clonal population exhibit extensive heterogeneity: 
some cells undergo apoptosis, while others escape death and 
survive.  To understand this divergence in cell fate, and how it 
relates to TRAIL sensitivity, we explore the induction of death 
and survival pathways by TRAIL at the single cell level.  We 
show that cells treated with TRAIL undergo a life-death 
decision based on the initial state of the cell and stochastic 
induction of death/survival pathways; once cells enter the 
survival state, they exhibit transient TRAIL resistance which 
eventually mixes back to the original population sensitivity 
profile.   
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I. INTRODUCTION  
RAIL holds promise as an anti-cancer agent due to its 
relative toxicity toward tumor cells compared with 

normal tissue, but many tumors are only partially sensitive 
to TRAIL [1].  Partial sensitivity to chemotherapy has often 
been ascribed to genetically distinct subpopulations or to cell 
cycle effects.  Nongenetic variability and its effects on cell 
behavior have received recent attention in diverse systems 
from bacteria to mammalian cells [2]; while much literature 
exists on the determinants of TRAIL sensitivity in different 
cancers, the contribution of nongenetic variability to partial 
TRAIL sensitivity has not been explored.  

TRAIL induces apoptosis via the extrinsic, or receptor-
based, cell death pathway. However, in certain contexts 
TRAIL can also activate pro-survival pathways, such as the 
transcription factor NFkB [3].  Preferential activation of 
death vs. survival signaling has been noted in different cell 
types treated with TRAIL, but it is not known how 
differential activation of these pathways manifests at the 
single-cell level, creating heterogeneity among individual 
cells within a population.   
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II. RESULTS 
We and others have observed cell-to-cell variability, both 

in timing of cell death and in ultimate cell fate, in clonal 
populations of cells treated with TRAIL [4].  Using live cell 
imaging and model simulations, we showed that variability 
in timing of cell death in HeLa cells treated with TRAIL 
could be attributed both to the initial state of the cell at the 
time of treatment and to stochastic divergence from that state 
after treatment [5].   

To examine the nature of the life-death decision in 
response to TRAIL, we treated cells with TRAIL and 
measured the responsiveness of survivors to a second 
TRAIL treatment.  We found that survivor cells were 
transiently resistant to a second stimulus one day after the 
first treatment, but sensitivity reset over the course of several 
days.  Resistance could be sustained when cells were treated 
daily with TRAIL, suggesting induction of a survival 
response.  Immunostaining revealed heterogeneous 
activation of the NFkB pathway in cells treated with TRAIL; 
targeting this pathway suggested that it contributes to the 
survival state observed in individual cells. 

III. CONCLUSIONS 
The life-death decision of TRAIL-treated cells may be 

mediated by competition between induced death and 
survival pathways, leading to phenotypic switching between 
states of sensitivity and resistance. This phenomenon is 
reminiscent of bacterial persistence in response to antibiotic 
treatment [6].  Our data has implications for the 
effectiveness of co-drugging and dosing strategies, and 
suggests that heterogeneity may be beneficial for tumor cells 
adapting to a changing microenvironment. 
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